Thermophilic actinomycetes are the primary sensitizing agents in farmer's lung disease. We compared dilution pour-plate and spread-plate methods for tlheir usefulness in enumerating thermophilic actinomycetes in moldy silage dust and evaluated the ability of a nonquantitative gravity settling technique to recover thermophilic actinomycetes from moldy silage. Spread plates and pour plates yielded similar estimates of total thermophiles. Higher counts were observed on spread plates (P < 0.05) for Thermoactinomyces candidus, Micropolysporafaeni, and Saccharomonospora viridis. M. faeni and S. viridis were less efficient than T. candidus in breaking through the agar of pour plates to form colonies which could be identified. Coefficients of variability were <10% for the two methods. The relative proportion of organisms recovered by the settling method correlated well with that recovered on spread plates for M. faeni (r = 0.79), S. viridis (r = 0.88), and Thermomonospora spp. (r = 0.79), but not well for T. candidus (r = 0.28). When sophisticated air-sampling equipment is not available, dilution spread plates of dust washings provide a reproducible method for enumerating a broad range of thermophilic actinomycetes of interest. The gravity settling method is a simple, rapid alternative when isolation is all that is required.
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The thermophilic actinomycetes (TAs) Micropolyspora faeni, Thermoactinomyces vulgaris, T. candidus, and Saccharomonospora viridis are the major sensitizing agents of farmer's lung disease (12) and have been implicated in other forms of hypersensitivity pneumonitis (10) . TAs are characteristic microflora of forage which has undergone spontaneous overheating during storage. Therefore, it is this type of forage which presents a health hazard to a previously sensitized farmer. The ability to identify and enumerate TAs in forage samples is useful not only for research studies, but also in identifying forage that presents a health hazard to a sensitized individual and in identifying the offending microorganism in forage known to have caused disease.
The currently recommended method for quantitating TAs in moldy forage is to shake the forage in a wind tunnel or settling chamber and sample the liberated dust with an Andersen viable sampler (7, 8) . This approach has been useful in a number of studies (1, 4-6, 9, 11) . However, the equipment is expensive and not commonly available to many research and clinical laboratories. As an alternative approach, we collected dust from moldy forage and compared Microbial identification. TAs were identified by colony and microscopic features by the criteria of Cross and Goodfellow (2) . T. candidus and T. vulgaris were identified, using a combination of morphological and biochemical characteristics. Cross and Unsworth (3) have reported that T. candidus colonies have a white aerial mycelium and a cream-colored reverse and that T. i'ulgaris colonies have a cream, pale-grey, or lightbrown aerial mycelium with a pale-brown to darkbrown reverse. We were able to verify this observation with our stock Thermoactinomyces cultures growing on Oxoid nutrient agar. We additionally observed that T. candiduis colonies were characteristically larger (to 15 mm) with a spreading appearance compared with the more restricted T. vulgaris colonies (<10 mm). The use of colony reverse and size to differentiate the two species was verified by routinely evaluating randomly selected T. candidus colonies from isolation plates for the ability to hydrolyze esculin and arbutin and for the inability to produce melanoid pigments from tyrosine or to hydrolyze starch. Likewise, randomly selected T. iulgaris colonies from isolation plates were regularly evaluated for the inability to hydrolyze esculin and arbutin and for the ability to produce melanin and hydrolyze starch. We wish to point out that Cross and Unsworth (3) The white aerial mycelium spreading from the center matured to gray, often with a lavender hue. The reverse was dark in mature colonies. White Streptomyces strains were occasionally isolated. Actinomadlura flexuiosa was isolated from several samples and appeared as yellowbrown to dark-brown, smooth, raised colonies, occasionally with a sparse whitish aerial mycelium. Occasional colorless, nonsporulating actinomycete colonies occurred which could not be further identified.
Comparison of methods for recovery of TAs from dust. Although TAs grow well at 50 to 550C, moldy forage often contains spreading thermophilic Bacillus spp. which rapidly overgrow culture plates at these incubation temperatures. Our approach of examining dust, rather than washings of the forage, reduced this problem considerably. We had previously observed that incubation at 60°C inhibits the growth of these spreading bacteria. Therefore, we compared the ability of spread-plate and pour-plate methods to recover TAs at 55 and 60°C. M. faeni, S. viridis, and Thermomonospora spp. were recovered only at 55°C by both methods. T. candidus was isolated at both temperatures, but analysis of variance of five replicates (data not shown) revealed that higher numbers were recovered at 55°C than at 60°C (P < 0.01) and that higher numbers were recovered by the spread-plate method than by the pour-plate method (P < 0.01). There was no significant interactive effect between temperature and method for T. candidus recovery. On the basis of these observations, 55°C was selected as the optimum temperature for the recovery of TAs from dust.
The spread-plate, gravity settle-plate, and pour-plate methods were evaluated for their ability to recover TA species from multiple dust samples at 55°C ( Table 1 ). The spread-plate and settle-plate methods were equally effective in recovering all of the predominating TA species, whereas the pour-plate method was less effective in recovering M. faeni and S. viridis.
Comparison of methods for enumeration of TAs. The spread-plate and pour-plate methods were compared for their usefulness in enumerating TAs in dust. The results are presented graphically in Fig. 1 . Both methods estimated similar numbers of total thermophilic microorganisms. However, the spread-plate method estimated greater numbers of T. candidus (P < 0.05), M. faeni (P < 0.01), and S. i'ridis (P < 0.025). This is because only an average of 50% of the colonies in pour plates broke through the agar surface to form colonies which could be identified. Coefficients of variability for the estimation of T. candidus, M. faeni, and S. i'ridis were less than 8% for both methods (n = 9 for the spread-plate method, n = 11 for the pour-plate method), indicating good reproducibility. The differences in the spread-plate and pour-plate estimates were most pronounced for M. faeni and S. viridis, which appeared to be less efficient than T. candidus in breaking through the agar surface. Thermomonospora spp. and T. vulgaris were isolated less frequently and in low numbers; therefore, no conclusions are made about enumerating these organisms.
Gravity settling method. Because the gravity settling method was as effective as the spreadplate method in recovering a broad range of TA species from dust, we were interested in determining whether the populations of organisms ered. Correlation coefficients for the relative percentages offrequently isolated species recovered by the two methods are presented in Table  2 . Good agreement and correlation were observed for estimating the percentages of total thermophiles which were M. faeni, S. viridis, and Thermomonospora spp. Poor correlations were observed for T. candidus and thermophilic bacteria. Diagrammatic presentation of the relative percentages of M. faeni and S. viridis recovered by the two methods is presented in Fig. 2 . Coefficients of variability varied from sample to sample for both the spread-plate method (n = 4, 4, 3) and the settle-plate method (n = 5, 4), but were similar for both methods and ranged from 17 to 30% for T. candidus, 5 to 37% for M. faeni, 24 to 27% for S. viridis, and 22% for Thermomonospora spp.
DISCUSSION
The purpose of this investigation was to evaluate methods for the recovery and enumeration of TAs from forage which do not require expensive air-sampling equipment and which can be easily performed in most microbiology laboratories. A summary of our findings is presented in candidus. T. candidus, M. faeni and S. viridis were the predominant organisms isolated from the dust of the moldy haylage samples examined in this study. Although Thermomonospora spp. and T. vulgaris were isolated less frequently and in lower numbers, we predict that the spread-and settle-plate methods will also be useful in characterizing dusts in which these organisms predominate.
In this study, we found the dilution pour-plate 
